17 Magnetron-sputtered iron films were potentiodynamically anodized at two different sweep 
Introduction

34
Nanoporous oxide films, formed by anodizing valve metals such as Al, Ti, Zr, Nb, instability and pore initiation start at this critical field. The mechanical instability that leads to 75 major pore formation begins at 8.9 MV cm -1 .
76
As mentioned above, porous anodic films can be formed on a range of metals. 
Experimental
94
Iron thin films of ~ 460 nm thickness were prepared by DC magnetron sputtering.
95
The target was a 99.9% pure iron disk of 0.5 mm thickness and 100 mm diameter bonded on a 96 copper backing plate. Glass plates and electropolished, anodized aluminum sheets were used 97 as the substrate. The latter substrates were used for Rutherford backscattering spectroscopy
98
(RBS) analysis.
99
The iron thin films were potentiodynamically anodized at varying sweep rates (1.0 100 and 0.05 V s -1 ) in a two-electrode cell with a platinum sheet as the counter electrode. The The relatively low temperature and low water concentration in the electrolyte was selected to 
110
The RBS data were analyzed using the RUMP program [34] . increases almost linearly to a current peak, followed by a current decrease to a steady-state 118 current density. At the potential sweep rate of 0.05 V s -1 , a second small current peak appears 119 at 12 V, in addition to the first higher current peak at 4 V. Assuming that uniform thickening 120 of the anodic film occurs, the growth of the barrier anodic film can be described by the 121 following equation,
where V is the applied voltage, t is the anodizing time, E is the electric field across the anodic 124 film, and h is the thickness of the anodic film. Considering Faraday's law, the following 125 equation can be described,
where η is the current efficiency for film growth, M is the molar volume, i is the anodizing 
154
This means that the site of pore initiation can be controlled by texturing of the metal surface 155 prior to anodizing of iron.
156
The formation of a barrier-type anodic film at the high sweep rate of 1.0 V s -1 is specimen (Fig. 3a) . On the columnar iron layer, a compact anodic film of 100 ± 5 nm formation of the present barrier-type anodic film on iron. In the anodic film formed at the low 167 sweep rate, cylindrical nanopore channels are developed (Fig. 3b) . The thickness of the The composition of the anodic films formed on iron was examined by RBS. Table 1 , are fit with the respective experimental spectra. In the simulation, in the anodic films and the current efficiency for film formation was then estimated (Table 2) .
222
Although a barrier-type film is formed at the high sweep rate, the current efficiency is only presence of oxygen gas bubbles in the barrier layer formed at the low sweep rate. Thus, the 231 field-assisted dissolution was examined in detail. re-anodizing at several voltages for 1000 s. It is obvious that the anodic film of approximately 246 100 nm thickness (Fig. 6a) shows a uniform thickness reduction to 76 nm after re-anodizing at 247 10 V for 1000 s (Fig. 6b) . A further reduced thickness to 67 nm is observed at 15 V (Fig. 6c) ,
248
indicating that an electric field-assisted dissolution occurs. During re-anodizing at these 249 voltages, the morphology of the anodic films does not change; no porous film is developed. In re-anodizing at 30 V (Fig. 6e) .
254
The change in the anodic film thickness during immersion and re-anodizing at 10 255 and 15 V (Fig. 7a) shows an accelerated dissolution under an applied electric field. During field-induced instability. In the anodic film on iron, the critical field must be higher than 2.8
266
MV cm -1 , since no pores were found when the electric field was increased to this value at 15 267 V (Fig. 7b) . sweep rate: a barrier-type at the high sweep rate and a nanoporous-type at the low sweep rate.
280
The barrier-type film is formed even at a low current efficiency of 49%, suggesting no film 
